1. Introduction {#sec1-animals-10-01092}
===============

Feline cognitive dysfunction syndrome (CDS) describes the age-related cognitive deterioration that presents with specific behavioural changes, which, after thorough investigation, cannot be attributed to any other medical condition. The behavioural changes of CDS in cats are summarised by the acronym VISHDAAL \[[@B1-animals-10-01092]\] and include, but are not limited to: increased Vocalisation, particularly at night, altered Interaction with the family (particularly attention seeking), and House-soiling ([Table 1](#animals-10-01092-t001){ref-type="table"}) \[[@B2-animals-10-01092],[@B3-animals-10-01092],[@B4-animals-10-01092],[@B5-animals-10-01092],[@B6-animals-10-01092]\]. In contrast, the acronym DISHAAL has been used to refer to the main behavioural changes seen in dogs with CDS, including Disorientation, changes in social Interactions, Sleep-wake cycle alterations, House-soiling, changes in Activity level, Anxiety, and Learning and memory deficits \[[@B7-animals-10-01092]\]. This acronym has previously been used to summarise the behavioural signs of CDS in cats \[[@B7-animals-10-01092]\]; however, vocalisation was not included. Given that this is the predominant sign, a new acronym was needed \[[@B1-animals-10-01092]\]. It is important to understand these behavioural changes in cats, especially from the owners´ perspective, as they can change with increasing age and can influence the relationship between the cat and its owners.

The syndrome of CDS in cats and dogs has been compared with Alzheimer's disease (AD) in people. All three conditions present with a specific range of behavioural changes (albeit the behaviours differ between the species) and are usually seen with advancing age; in cats, mainly those 11 years and older \[[@B6-animals-10-01092],[@B7-animals-10-01092],[@B8-animals-10-01092],[@B9-animals-10-01092]\].

They are typically associated with significant neuronal degeneration and the loss of grey and white matter, resulting in brain atrophy, which particularly affects the cerebral cortex where certain proteins often accumulate (in particular, β-amyloid within the neuropil and hyperphosphorylated tau within neurons) \[[@B8-animals-10-01092],[@B9-animals-10-01092],[@B10-animals-10-01092]\]. As with AD, the pathophysiology of CDS is still largely unknown, although compromised cerebral blood flow and chronic free radical damage are believed to be important in both conditions \[[@B6-animals-10-01092],[@B11-animals-10-01092]\]. Studies to date have demonstrated vascular changes within the brain of old cats and dogs, including a decrease in cerebral blood flow, arteriosclerosis and the presence of microvascular haemorrhages \[[@B4-animals-10-01092],[@B6-animals-10-01092],[@B12-animals-10-01092]\]. Compromised blood flow and hypoxia due to associated diseases, such as hypertension or heart disease, may also negatively affect the brains of cats and dogs with CDS and people with AD. However, while there are many similarities between CDS and AD, they have not yet been shown to equate to the same disease.

As veterinary care is improving worldwide, the life expectancy of pet cats is increasing. In the US, in 2011, approximately 20% of pet cats were 11 years of age or older \[[@B13-animals-10-01092]\]; and a 2016 study of cases presenting to veterinary clinics across the UK had a median age of 6.2 years, with cats over 8 years of age representing over 40% of all feline consultations \[[@B14-animals-10-01092]\]. Many older cats develop behavioural problems ([Table 1](#animals-10-01092-t001){ref-type="table"}), often associated with undiagnosed CDS; this has been estimated to affect 28--36% of cats aged 7--14 years, 50% aged 15 years or older, and 88% aged 16--19 years \[[@B6-animals-10-01092],[@B15-animals-10-01092],[@B16-animals-10-01092]\]. One study found excessive vocalisation and aimless activity to be the most commonly reported problems in the oldest age group \[[@B6-animals-10-01092]\]. Unfortunately, CDS is often underdiagnosed, as clinical signs may be considered "normal" aging changes in elderly pets.

It is important for veterinary professionals to recognise the clinical signs of feline CDS and appreciate that this is a diagnosis of exclusion. Many other diseases can cause behavioural changes that are very similar to those caused by CDS. Hypertension, hyperthyroidism, feline immunodeficiency virus (FIV) infection, and recrudescent toxoplasmosis in particular can present with identical behavioural changes \[[@B6-animals-10-01092],[@B9-animals-10-01092],[@B17-animals-10-01092],[@B18-animals-10-01092],[@B19-animals-10-01092],[@B20-animals-10-01092]\]. While additional clinical signs would usually suggest that one of these other diseases was more likely, e.g., hyphaemia or retinal haemorrhage with hypertension, or weight loss with hyperthyroidism, these other signs are not always present, so a full investigation is always needed. \[[@B9-animals-10-01092],[@B21-animals-10-01092],[@B22-animals-10-01092]\]. Cognitive decline due to FIV-associated neuroinflammation compares with HIV-associated neurocognitive dysfunction (HAND) in people, where the clinical signs can include abnormal stereotypic behaviours, aggression, changes in sleep architecture, and impaired cognitive and motor functions \[[@B17-animals-10-01092],[@B18-animals-10-01092],[@B19-animals-10-01092],[@B20-animals-10-01092]\].

The clinical investigation should be thorough ([Figure 1](#animals-10-01092-f001){ref-type="fig"}). Physical examination (including a retinal examination looking for signs of hypertension or inflammation) should be followed by measurement of systolic blood pressure (as per ACVIM guidelines) \[[@B21-animals-10-01092]\]. Systolic blood pressure should always be measured prior to blood draw to avoid situational hypertension \[[@B21-animals-10-01092]\], and to prevent potentially fatal cerebrovascular accident if the cat is severely hypertensive. This is then followed by haematology, serum biochemistry with electrolytes and serum thyroxine concentration, and complete urine analysis. Cats should also be assessed for potential infectious diseases (e.g., FIV, feline leukaemia virus \[FeLV\], and toxoplasmosis), particularly if they have outdoor access. While performing a complete neurological and orthopaedic examination can be challenging, especially in elderly cats, the essential requirements are watching the cat walk around the consultation room where obstacles have to be navigated (e.g., their cat basket and the waste bin), plus checking that they can see and hear \[[@B9-animals-10-01092]\]. Further investigations, such as evaluation of parenchymal brain disease or true behavioural disorders likely require referral, which should be offered.

It is important that clinical signs compatible with CDS in cats are investigated. This is because there are interventions that may reduce the CDS behaviours (even though there is no cure), other medical problems may also be found that warrant intervention and, regardless of their underlying cause, the behavioural changes can have a significant impact on the owners´ quality of life. The aim of this study was to report the apparent causes of increased vocalisation in cats with CDS as perceived by the cat's owners.

2. Materials and Methods {#sec2-animals-10-01092}
========================

The cats recruited for this study had previously been involved in a double-blinded placebo-controlled trial for the treatment of CDS with telmisartan. Prior to inclusion in that study, each owner was required to complete a questionnaire ([Table S1](#app1-animals-10-01092){ref-type="app"}) to determine that their cat had significant signs of CDS.

Other causes of behavioural change were ruled out prior to inclusion in the initial study. This involved a full physical examination (including retinal examination), systolic blood pressure assessment, haematology, serum biochemistry (including assessment of thyroxine concentration and electrolytes), plus FIV and FeLV testing. Cats with stable IRIS (International Renal Interest Society) grade 1 and 2 chronic kidney disease were allowed in the study. Any cat with systemic disease (e.g., diabetes mellitus, hyperthyroidism, chronic gastrointestinal disease, etc.) had to be on treatment and stable for at least three months prior to inclusion. While *Toxoplasma gondii* serology was not assessed, all cats had full retinal examinations to look for inflammatory (or hypertensive) retinopathy. Additional exclusion criteria included acute behavioural change, episodic lateralizing signs or neurological deficits. Advanced imaging with CT or MRI to rule out intracranial disease (e.g., brain tumours) was not performed.

The cats in the initial study that had increased vocalisation as part of their CDS were invited to take part in the current study, which was performed approximately three months after the conclusion of the initial study.

For the current study, the cat's owners were sent a questionnaire ([Supplementary material 2](#app1-animals-10-01092){ref-type="app"}) composed of 28 questions. It included questions about the cat's signalment and medical history, and information about the increased vocalisation (when it started, and whether it occurred during the day, at night, or both). It also asked if any other behavioural changes were present, especially those associated with CDS. To try to determine possible motivation for or cause of the increased vocalisation, the owners were asked to notice the "major" behaviour(s) of their cat when it was vocalising:(i)if it looked directly at them and stopped vocalising when they interacted with it, stroked it, picked it up, etc.---this suggested ***attention seeking***(ii)if it looked at them, then ran to the food bowl---this suggested the cat was seeking a particular resource, in this case ***food***(iii)if it was on its own, not looking at them or a particular resource, and appeared confused---this suggested ***disorientation***(iv)if it appeared to be sore when it moved or was touched---this suggested ***pain***.

The questionnaire also asked the owners how their cat's increased vocalisation was affecting them. Owners were asked how stressful their cat's increased vocalisation was on a scale of 1--5, where 1 = not stressful at all and 5 = significant source of stress. Where the cat was deceased, owners were asked to reply as if for their cat's last few months of life. They were asked multiple-choice questions about how the vocalisation affected their household and if with increasing age they noticed more behavioural signs associated with CDS (as per VISHDAAL).

The results of the questionnaire were exported to an excel document and Minitab software was used for the statistical analysis and production of graphs. Fisher's exact test was used to determine associations between categorical variables and a *p*-value of less than 0.05 was considered indicative of a statistically significant difference. Spearman's Rank correlation coefficient was used to summarise the strength and direction of a relationship between two variables (e.g., the number of CDS signs and age of cat, and the number of CDS signs and the impact on the owner).

Both studies were approved by the Veterinary Ethical Review Committee (VERC) and the Human Ethical Review Committee (HERC) at the Royal (Dick) School of Veterinary Studies.

3. Results {#sec3-animals-10-01092}
==========

The survey was open from January 2018 to August 2018; 37 cats with CDS were recruited from 37 households. All had been diagnosed with significant CDS, presenting with increased vocalisation as part of their clinical picture.

All 37 cats had an unremarkable physical examination, facial symmetry and were able to walk around the consultation room without showing lateralizing signs or neurological deficits. Retinal examinations revealed no evidence of inflammatory or hypertensive retinopathy. The cats were normotensive, had normal serum thyroxine concentrations, plus unremarkable haematology and serum biochemistry (i.e., within the allowed parameters), including electrolytes. The cats were FeLV and FIV negative.

The median age of the cats was 15.9 years old (range 10--23). Six of the cats were deceased at the time of this survey; they had been euthanised because of progressive dementia following initial contact or they had developed significant age-related disease. Most of the cats were neutered females (67.6%, *n* = 25); the rest were neutered males (32.4%, *n* = 12). There were significantly more females than males (*p* = 0.005). The most common breed was the Domestic Shorthair (70.3%, *n* = 26), followed by the British Shorthair (10.8%, *n* = 4), Domestic Longhair (8.1%, *n* = 3), Bengal (5.4%, *n* = 2), Siamese (2.7%, *n* = 1) and Persian (2.7%, *n* = 1) cats.

Other than CDS, the most common health problems were osteoarthritis (24.3%; *n* = 9), hyperthyroidism (13.5%; *n* = 5), chronic kidney disease (10.8%; *n* = 4), asthma (5.4%; *n* = 2), diabetes mellitus (5.4%; *n* = 2), hypertension (5.4%; *n* = 2), gastrointestinal small cell lymphoma (2.7%; *n* = 1) and chronic cystitis (2.7%; *n* = 1).

The owners were asked if an initial triggering event had led to their cats increased vocalisation ([Table 2](#animals-10-01092-t002){ref-type="table"}).

When asked if the cats vocalised at night or during the day, owners reported that 35.1% (*n* = 13) of cats vocalised mostly at night, 34.4% (*n* = 12) vocalised mostly during the day, and 32.4% (*n* = 12) vocalised during both day and night. Fisher's exact tests showed no statistically significant difference between groups ([Figure 2](#animals-10-01092-f002){ref-type="fig"}).

When asked about the "major" behaviour and hence likely motivation for their cat's increased vocalisation, most owners reported that the main cause appeared to be attention seeking (40.5%; *n* = 15) or disorientation (40.5%; *n* = 15) ([Figure 3](#animals-10-01092-f003){ref-type="fig"}). Seeking a resource such as food was reported by 16.2% of owners. Pain appeared to be the main cause in only 2.7% (*n* = 2) of cats. In most cases (64.8%; *n* = 24) owners believed there to be more than one cause behind their cat's vocalisation.

A number of other behaviours were associated with the "major" behaviours. For example, behavioural signs associated with attention seeking included increased affection (e.g., wanting to be picked up or petted) (67.6%; *n* = 25), maintained eye contact when vocalising (51.4%; *n* = 19), and the vocalisation stopped after attention from the owner, particularly positive physical contact (43.2%; *n* = 16). For cats that appeared disoriented or lost, owners reported the cat vocalising in a separate room (78.4%; *n* = 29) and aimlessly wandering while vocalising (64.9%; *n* = 24). When seeking a resource (i.e., food) vocalisation occurred at mealtimes (43.2%; *n* = 16) or despite already having eaten (43.2%; *n* = 16).

When asked if, with increasing age, did their cats have more behavioural signs associated with CDS (as per VISHDAAL): Spearman's rank tests showed a positive trend between the number of CDS signs and the age of cat, although this was not statistically significant.

When owners were asked how stressful their cat's increased vocalisation had been for them, 40.5% responded with a score of 3 or greater, although the most common response was a score of 2 (40.5%; *n* = 15) ([Figure 4](#animals-10-01092-f004){ref-type="fig"}). For a multiple-choice question, asking how the vocalisation had affected the household, more than half of the owners (62%) selected that they were "occasionally" or "regularly" woken up during the night.

Spearman's rank tests showed a weak to moderate association (r = 0.366, *p* = 0.031) between the number of CDS signs and the impact on the owner, as assessed by the "stress scale" ([Figure 5](#animals-10-01092-f005){ref-type="fig"}).

In addition to increased vocalisation (which was part of the inclusion criteria), the most common behavioural changes were increased social time with owners (54.0%; *n* = 20), aimless wandering (51.4%; *n* = 19), and staring into space (51.4%; *n* = 19), followed by using less territory outside the house when outside (40.5%; *n* = 15), increased social time with visitors (40.5%; *n* = 15), altered appetite (32.4%; *n* = 12), changes in sleep/wake cycle (29.7%; *n* = 11), decreased grooming (27.0%; *n* = 10), and location related confusion (24.3%; *n* = 9). Other less commonly reported clinical signs were house-soiling (defecation) (16.2%; *n* = 6) and house-soiling (urination) (13.5%; *n* = 5), with only two cats having both urination and defecation reported (5.4%; *n* = 2), increased irritability or aggression (13.5%; *n* = 5), and using less space inside the house (8.1%; *n* = 3). Other behavioural changes included one cat being more playful (2.7%; *n* = 1) and one cat crying in the bath for water and staring at running water but not actually drinking it (2.7%; *n* = 1).

4. Discussion {#sec4-animals-10-01092}
=============

This study reports the behaviour of 37 cats with CDS and suggests potential causes for their increased vocalisation. The findings generated from the study of our unique population of elderly cats, with their owner's insight as to associated behaviours that may indicate underlying causes of the vocalisation, provides novel insight into feline CDS. However, before we consider the usefulness of this data in detail, we need to reflect on the limitations of this study. These include the retrospective nature of the data, the small sample size, the possible contribution of other medical conditions (e.g., pain or sensory decline) and that advanced imaging was not performed to rule out intracranial disease such as brain tumours that could be causing similar clinical signs. While all cats had a full physical examination, it is possible that concurrent medical conditions e.g., undiagnosed arthritis, gastrointestinal diseases, etc., may have been playing a role in causing vocalisation. Our best attempts were made to diagnose all concurrent problems, based on a full history, physical examination, blood pressure (BP) and retinal assessment, haematology and serum biochemistry. However, considerably more funding would be needed to undertake more extensive investigation prior to inclusion, ideally including MRI of the head. It would be useful to repeat the study with a larger population; however, given the high costs required to rule out other diseases, this would be challenging. Additionally, it is difficult to justify advanced imaging when patients have gradual behavioural change, no lateralizing signs and no neurological deficits. In addition, our cohort involved dedicated owners who had volunteered for their cats to be enrolled in a clinical trial. These owners may have been more proactive in their cat's health than many, so they may have been more likely to notice behavioural changes than the general population and, potentially, be more likely to tolerate problem behaviours in their cats. Despite these caveats, we feel the findings generated from this study provides novel insight into owner perception of feline CDS, in particular, the reason(s) behind their increased vocalisation. The recognition of these findings will allow veterinarians to give better advice to owners on how to manage their cat with CDS and to better target the therapy of CDS according to the underlying causes of the cats´ increased vocalisation.

In this study, the median age of the cats was 15.9 years old (range 10--23 years); however, there was no statistically significant correlation between the number of CDS signs and the age of the cat. A previous study looking at 48 otherwise-healthy elderly cats (≥11 years old) that presented for routine health screening and had clinical signs consistent with CDS demonstrated that cats aged 15 years or older had a significantly higher frequency of CDS signs (2.4 per cat) than those 11--14 years old (1.8 per cat) \[[@B16-animals-10-01092]\]. Further studies are needed to evaluate the progression of CDS, in order to determine if there are increasing numbers of CDS signs with advancing age, and how this affects individual cats.

There were more female cats in the current study, with 67.6% of the cohort being neutered females. The UK pet cat population consists of approximately equal numbers of female and male cats (51.9% female) \[[@B17-animals-10-01092]\]. While this study had a small sample size, this finding suggests that female cats are potentially more likely to develop CDS; however, further studies are needed to support this finding. In humans, the main risk factors for developing AD are age and gender, with the incidence being higher in women \[[@B23-animals-10-01092],[@B24-animals-10-01092],[@B25-animals-10-01092]\]; 65% of people living with dementia in the UK are female \[[@B26-animals-10-01092]\]. This predisposition is thought to be mainly due to the increased life expectancy of women, and the association between AD and age. There appears to be no increased life expectancy in female pet cats; a large UK study looking into longevity and mortality found that 50.7% of elderly cat mortalities were female in a single year \[[@B27-animals-10-01092]\]. While it appears that female cats and people are more likely to develop CDS and AD, respectively, the cause of the female predisposition is unclear.

Increased vocalisation, consisting of excessively loud and/or repetitive verbal utterances and constant requests for attention have been reported in AD \[[@B28-animals-10-01092],[@B29-animals-10-01092],[@B30-animals-10-01092]\]. In people suffering from dementia due to AD or cerebrovascular disease, vocalisation can be triggered by a variety of stimuli, including the physical environment, stress, anxiety, or social factors such as caregiver behaviours \[[@B31-animals-10-01092]\]. This bears similarities to the cats in the current study, where owner's observations suggested that vocalisation appeared to be triggered by a need for attention, food, confusion, or pain, highlighting the importance of identifying the potential causes that generate this behaviour. However, since the majority of owners (64.8%) believed there was more than one cause of their cat's increased vocalisation, simple intervention is not always possible, and multiple approaches may be needed.

It is important to realise that owners may be contributing to the progression of their cats behaviour e.g., by inadvertently reinforcing it by offering food or giving rewards. Moreover, owner emotional responses to their cat's behaviour, such as distress and frustration, can also have a negative impact on their cat's state of mind. Owner's stress (a direct finding in this study), may result as a direct effect from their cat's vocalisation (including sleep deprivation), as well as their concerns for the well-being of their much loved pet. Owner responses may also compound their cat's distress if they try to ignore it, or apply any form of punishment to try to stop it crying. It is important to realise that if the cats behavioural need for attention is not met, it may feel distressed and frustrated, negatively affecting their emotional state.

The time of the vocalisation was evenly divided between during the day, at night or both. Those cats that had increased vocalisation at night bear similarities with "sundown syndrome" in human dementia and canine CDS, where there is increased abnormal activity in the late afternoon and early evening \[[@B32-animals-10-01092]\]. "Sundown syndrome" is linked to the seasons with increased incidence in the autumn or winter months due to a decrease in the duration and amount of sunlight for patients with AD \[[@B33-animals-10-01092]\]. Additional research is required to see if there is seasonal variation to this behaviour in cats, and to investigate whether the frequency of other CDS signs increases towards evening. However, the difference in natural circadian rhythms between cats, dogs and humans must be considered when evaluating this further \[[@B34-animals-10-01092],[@B35-animals-10-01092]\]. Clearly, more work is needed.

In the current study, disorientation and attention seeking appeared to be the most common causes for increased vocalisation. However, the majority of owners felt there were a number of different causes, which was supported by the cats presenting with a variety of altered behaviours. Increased affection was associated with attention seeking in two thirds of the cats in the current study. This finding is supported by a large study evaluating cats of ≥11 years old, from two different time periods (1995 and 2010--2015), with \~2000 respondents \[[@B36-animals-10-01092]\]. Owners reported an increase in affection from their cats in 52% of cats in 1995, and 36% in 2010--2015 \[[@B36-animals-10-01092]\]. This increase in need for owners' affection is believed to result from an augmented dependence on the owners for social support. Alterations in the cats' relationship with conspecifics, including loss of a conspecific in cases of well bonded cats, may lead to an increased need for social support, especially within multi-cat households. In addition, reduced mobility (arthritis) and/or loss of sensory ability (sight or hearing) compromises effective access to resources, making the cats more dependent on their owners and all of these (immobility, pain, sensory decline and CDS) might initiate or contribute to the attention seeking \[[@B36-animals-10-01092]\]. The study by Sordo et al. discussed above demonstrated that elderly cats appeared to have reduced motivation to go outdoors, hunt or interact with cats outside the house, and an increased dependency on their owners for company, stimulation, and reassurance \[[@B36-animals-10-01092]\], which is supported by the current study. Further studies are needed to see if the lack of desire to go outside is caused by CDS alone, or if it is confounded by the reduced ability of older cats to protect themselves, plus difficulties in getting outside due to conditions such as arthritis (particularly when using cat flaps).

It is of note that pain was believed to be the main cause of vocalisation in only 2.7% of cases (i.e., one cat). Perhaps the most common cause of chronic pain in elderly cats is osteoarthritis \[[@B37-animals-10-01092]\], with neuropathic and cancer pain being poorly assessed \[[@B38-animals-10-01092]\]. Since \>90% of cats aged 12 years or older have evidence of osteoarthritis \[[@B39-animals-10-01092],[@B40-animals-10-01092]\], yet it had been diagnosed in only 24.3% of the cats in the current study, this was almost certainly an under-diagnosis, so it may have contributed to more vocalisation than was recognised.

In the developing veterinary climate, with remarkable advances in investigative modalities and treatment options, the importance of behavioural disorders must not be forgotten by veterinary professionals. In addition, behavioural changes can have a marked impact on owners' quality of life, as demonstrated in the current study, where two thirds of owners were being woken up at night by their cat, and over 80% reported that they found their cat's behaviour stressful. Perhaps not surprising, the current study found that the owners of the most affected cats were most stressed. Owners were primarily stressed because they were worried about their cat. However, one cat had to be re-homed as the owner was unable to get enough sleep at night. Another reported having to start taking sleeping pills. In contrast, a small proportion of owners reported that they enjoyed the increased affection that occurred with CDS, and this positive effect may outweigh the problem behaviour for some owners. Nevertheless, the stress on owners of having a cat with CDS must be considered.

Veterinarians must educate owners about the prevalence and significance of CDS behaviours and ask owners about them during consultations. Recognising pain can be very challenging in cats due to their ability to hide it well. In our study, only one cat was believed to have increased vocalisation because of pain, which suggests the low awareness of feline pain behaviours by owners rather than the prevalence of this as a cause. Owners appear reticent to seek veterinary attention for these behaviours (particularly vocalisation and house-soiling), possibly because they think they are part of normal ageing, embarrassment that they cannot cope with them, the misconception that nothing can be done to help their cat, the stress of taking their cat to the veterinary clinic, and/or worries that euthanasia will be suggested.

Veterinarians must discuss possible environmental modifications and management options that may reduce the impact of CDS on the cat and its family, so improving the cat and the owners' quality of life. [Figure 6](#animals-10-01092-f006){ref-type="fig"} allows the veterinarian to tailor their recommendations for cats with CDS and associated increased vocalisation, focusing on what appears to be causing the crying. However, while simple environmental modifications may help to reduce the vocalisation, additional interventions may be needed to improve the underlying pathophysiology and neuronal dysfunction associated with CDS (see below).

Appropriate interventions for feline CDS include environmental management, food supplements/dietary modification, and drug therapies; this is irrespective of whether vocalisation is part of the clinical presentation or not \[[@B9-animals-10-01092],[@B41-animals-10-01092]\]. Environmental enrichment gives mental stimulation, increases activity and leads to survival of neurons in humans \[[@B42-animals-10-01092]\]. Environmental stimulation (e.g., toys, company, interaction, and food puzzles) and diets enriched with antioxidants act synergistically in dogs with CDS \[[@B43-animals-10-01092]\]. However, once CDS is severe, environment changes can be stressful, so if changes need to be made, they should be done slowly. It is essential that cats with CDS have access to all key resources (i.e., food, water, litterbox, somewhere to rest/sleep, and either a hiding place/safe haven or access outside) \[[@B44-animals-10-01092]\] and since arthritis is very common in older cats these resources must be easily reached \[[@B9-animals-10-01092],[@B45-animals-10-01092],[@B46-animals-10-01092]\]. When elderly cats have episodes of confusion and/or crying, they often need much reassurance from their owner (e.g., helping them to settle and calming them down, which often occurs at night). Other suggestions to calm cats with CDS include night-lights, leaving a radio on to play soft music or talk radio, plugging in potentially anxiolytic synthetic pheromones (e.g., Feliway Classic™), and reducing the area the cat has access to so it cannot get lost so easily.

In dogs with CDS, several studies have shown behavioural improvements and reduced amyloid deposition when giving supplements or diets with various combinations of antioxidants, vitamins, essential fatty acids and other potentially useful components (Hill's b/d; Senilife™; Purina Pro Plan Veterinary Diets Neurocare^®^; CEVA Animal Health; Aktivait™; VetPlus) \[[@B41-animals-10-01092],[@B43-animals-10-01092],[@B47-animals-10-01092],[@B48-animals-10-01092],[@B49-animals-10-01092],[@B50-animals-10-01092],[@B51-animals-10-01092],[@B52-animals-10-01092],[@B53-animals-10-01092],[@B54-animals-10-01092],[@B55-animals-10-01092],[@B56-animals-10-01092]\]. A recent prospective double-blinded placebo controlled clinical study on dogs with CDS showed benefits from a diet with added medium chain triglyceride and Brain Protection Blend in managing clinical signs of CDS \[[@B56-animals-10-01092]\]. Selegiline (Selgian™; Ceva Anipryl™; Pfizer) and propentofylline (Vivitonin™; MSD Animal Health) are licensed for the management of CDS in dogs, while the nutraceutical S-adenosyl-l-methionine (SAMe) produced increase activity and awareness \[[@B56-animals-10-01092],[@B57-animals-10-01092],[@B58-animals-10-01092],[@B59-animals-10-01092]\].

There are far fewer feline studies and there are currently no drugs are licensed for the treatment of CDS in cats. Diets show promise, with antioxidants, arginine, B vitamins, fish oil, tocopherols, l-carnitine, vitamin C, beta-carotene, docosa-hexaenoic acid, cysteine and methionine being suggested to have a benefit in cats with CDS, improving brain function of middle-aged and old cats \[[@B60-animals-10-01092],[@B61-animals-10-01092]\]. Interestingly, SAMe, also appears to be of some benefit, improving executive function and reduced reversal learning errors but they were ineffective in improving both short and long-term memory \[[@B57-animals-10-01092]\]. Since Aktivait™ contains alpha-lipoic acid (which is toxic to cats) \[[@B62-animals-10-01092]\] a feline-safe version has been produced, but not critically evaluated. Selegiline (0.25--1.0 mg/kg PO q24 h) and propentofylline (12.5 mg/cat PO q24 h) have been used 'off label' with varying degrees of success \[[@B4-animals-10-01092],[@B41-animals-10-01092],[@B63-animals-10-01092],[@B64-animals-10-01092]\]. Anxiolytic and antidepressants drugs have also been given (e.g., gabapentin, fluoxetine, buspirone, benzodiazepines), as have nutraceuticals (e.g., Zylkène™; MSD Animal Health); however, critical studies are still needed. Melatonin may help to restore sleep cycles. Telmisartan, an angiotensin receptor blocker (Semintra™; Boehringer Ingelheim) has demonstrated reduced neurodegeneration in rats, and beneficial effects in people with hypertension and AD \[[@B65-animals-10-01092],[@B66-animals-10-01092],[@B67-animals-10-01092],[@B68-animals-10-01092],[@B69-animals-10-01092]\]. A study by one of the authors (Prof. Gunn-Moore) evaluating this medication as treatment for cats with CDS is underway.

5. Conclusions {#sec5-animals-10-01092}
==============

The current study adds useful information about a disease that affects a growing number of elderly cats, causing significant distress to the cats and their owners. Increased vocalisation occurred equally throughout the day and night, and most owners thought that the main cause of their cat's vocalisation was disorientation or attention seeking, with smaller numbers seeking food or crying due to pain. Tailoring management based on these causes may improve the quality of life of both the cats and their owners. The findings from this survey will be used in clinical practice to improve recognition, understanding, and management of CDS in cats and to open up discussion for future studies. Moreover, it is important to highlight the impact that living with a cat with CDS can cause to its owners. More studies are needed to improve our understanding of this important syndrome so we can help our feline patients and their owners.

The authors would like to thank all of the owners who completed this questionnaire and Darren Shaw for his help with the original statistical analysis of this data.

The following are available at <https://www.mdpi.com/2076-2615/10/6/1092/s1>. **Table S1. Inclusion Criteria**---The questionnaire each owner had to complete prior to starting the double-blinded placebo-controlled trial. Owners of cats with potential signs of dementia, confusion etc. were asked if they might be interested in joining a double-blind placebo-controlled drug trial. This questionnaire asked whether each of the listed behaviours had changed between now and a few years ago. The number of behaviours that had changed were evaluated and the cats with sufficient inclusion criteria were invited in for assessment (physical examination, blood pressure measurement, blood tests) and if diagnosed with CDS, they were offered a place in the study. All of the owners and cats from the previous study were included for this study. **Supplementary material 2**---The questionnaire for this study (composed of 28 questions).

###### 

Click here for additional data file.
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![Algorithm for diagnosis of Cognitive dysfunction syndrome (CDS). *FIV*---feline immunodeficiency virus, *FeLV*---feline leukemia virus.](animals-10-01092-g001){#animals-10-01092-f001}

![Bar chart illustrating the time of the day the cats most commonly vocalised.](animals-10-01092-g002){#animals-10-01092-f002}

![Bar chart illustrating the owners perceived main cause of vocalisation.](animals-10-01092-g003){#animals-10-01092-f003}

![Bar chart summarising the owners' responses when answering the question of how stressful they found their cat's excessive vocalisation.](animals-10-01092-g004){#animals-10-01092-f004}

![Dot plot illustrating the relationship between the number of clinical signs compatible with CDS and the negative impact on the owner. One dot represents "one owner and their cat" revealing the correlation between the degree of stress to the owner and number of CDS signs in their cat.](animals-10-01092-g005){#animals-10-01092-f005}

![Algorithm for the management of the increased vocalisations associated with Cognitive dysfunction syndrome (CDS), targeting the potential cause, as perceived by the owners. This should be used in conjunction with CDS therapeutics as described below.](animals-10-01092-g006){#animals-10-01092-f006}
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###### 

Behavioural changes commonly seen in geriatric cats with cognitive dysfunction syndrome (CDS) are summarised by the acronym VISHDAAL \[[@B1-animals-10-01092]\].

  ----------------------------------------------------------------------------------------------------------------------------
  Behavioural Changes Related to CDS (VISHDAAL):
  ----------------------------------------------------------------------------------------------------------------------------
  Inappropriate [**V**]{.ul}ocalisation, especially at night

  Altered social [**I**]{.ul}nteraction with the family and/or other pets

  Changes in [**S**]{.ul}leep/wake patterns

  [**H**]{.ul}ouse-soiling

  Spatial and temporal [**D**]{.ul}isorientation e.g., forgetting the location of their litterbox or that they have been fed

  Changes in [**A**]{.ul}ctivity e.g., aimless wandering\
  [**A**]{.ul}nxiety\
  [**L**]{.ul}earning and memory deficits
  ----------------------------------------------------------------------------------------------------------------------------

animals-10-01092-t002_Table 2

###### 

Initial trigger event that led to increased vocalisation as reported by the owners.

  Trigger                               Number of Cats
  ------------------------------------- -----------------
  No initial trigger                    62.1%; *n* = 23
  Moving house                          10.8%; *n* = 4
  Loss of a sibling                     8.1%; *n* = 3
  Loss of a family member               8.1%; *n* = 3
  New cat/dog in the family             5.4%; *n* = 2
  Going to a cattery                    2.7%; *n* = 1
  Significant veterinary treatment \*   2.7%; *n* = 1

\* such as dental treatment.
